Opinion statement
The etiology of arrhythmias including atrial fibrillation is multifactorial. Most arrhythmias are associated with comorbid illnesses like hypertension, diabetes, thyroid disease, or advanced age. Although it is tempting to blame a stimulant like caffeine as a trigger for arrhythmias, the literature does not support this idea. There is no real benefit to having patients with arrhythmias limit their caffeine intake. Caffeine is a vasoactive substance that also may promote the release of norepinephrine and epinephrine. However, acute ingestion of caffeine (as coffee or tea) does not cause atrial fibrillation. Even patients suffering a myocardial infarction do not have an increased incidence of ventricular or other arrhythmias after ingesting several cups of coffee. Large epidemiologic studies have also failed to find a connection between the amount of coffee/caffeine used and the development of arrhythmias. As such, it does not make sense to suggest that patients with palpitations, paroxysmal atrial fibrillation, or supraventricular tachycardia, abstain from caffeine use. Energy drinks are a new phenom-
Introduction
Treatment recommendations regarding caffeine intake in patients with cardiac arrhythmias "Every time I drink an espresso, my heart just races and races!" lamented our forty-year old, otherwise healthy female patient. Her Holter monitor revealed paroxysmal atrial fibrillation. Ironically, she was in sinus rhythm on the monitor while drinking coffee, although she noted "heart palpitations" on the record at that time.
Should we restrict our patient's caffeine intake? Would cutting out coffee help eliminate any arrhythmias?
Background on caffeine Americans (and much of the world) have a love affair with coffee, drinking an average of three cups of coffee per person daily [1••, 2] . Coffee contains many different chemical substances. However, its main cardiovascular effects derive from caffeine. The caffeine content ranges from 40 to 180 mg per 150 ml of coffee, or 90 mg for a cup of espresso coffee [3] . Caffeine is the most widely consumed vasoactive substance in the world.
Chemical effects of caffeine
Caffeine is a methylxanthine compound related to theophylline, which has a number of interesting actions on the heart [4, 5] . Caffeine's primary action is to stimulate the sympathetic nervous system through different mechanisms. It antagonizes adenosine receptors, which participate in cardiovascular regulation [4, 6, 7] . It increases cytosolic calcium concentrations by blocking the reuptake of calcium into the sarcoplasmic reticulum. Additionally, it inhibits phosphodiesterase, which gives caffeine its sympathomimetic effects.
However, as will be seen in the following literature review, except in rare cases, caffeine does not seem to promote arrhythmias in most patients. Serious cardiovascular effects seem to only occur in vivo at very high doses, much higher than what is normally ingested by humans. Finally, its various vasoactive actions may be counterbalanced and negated by its other effects in the body.
Clinical studies of caffeine and arrhythmias Much of our information whether caffeine can provoke arrhythmias comes from the older clinical research, performing research studies that would probably not be permitted in today's rigorous scientific arena.
In an elegant study, Dobmeyer et al. gave either an oral coffee or intravenous caffeine load to 19 patients who underwent an electrophysiology (EP) study before and after the caffeine dose [7] . The dose approximated two cups of coffee. The study participants were regular consumers of caffeine who normally drank an average of three to five cups of coffee per day. Caffeine shortened the refractory period of the right atrium, AV node, and the right ventricle, and prolonged the refractory period of the left atrium. The study did show that caffeine increased the serum concentrations of both epinephrine and norephineprhine, which could theoretically promote arrhythmogenesis [8, 9] . However, on balance, the caffeine load did not seem to induce arrhythmias in most patients, despite affecting the refractory periods in the heart. Researchers in Oregon gave 22 habitual coffee drinkers with malignant ventricular arrhythmias an oral 275 mg caffeine load, similar to that found in two to three cups of coffee [10] . The authors found no change in the ventricular refractory period during EP study after ingestion of the caffeine. There was no increase in the in-ducibility or even severity of ventricular arrhythmias seen, which was surprising since one might infer that coffee would provoke premature ventricular complexes (PVCs) in this relatively high-risk patient population.
In another fascinating study, Graboys et al. took 50 patients who had been hospitalized with ventricular arrhythmias [11] . They underwent a stress test and a Holter monitor before and after a 200 mg (two-cup of coffee) caffeine load. There was no increase in the PVC load after the caffeine ingestion, although again serum epinephrine and norepinephrine levels increased.
Other researchers have confirmed caffeine's lack of apparent effect upon measurable electrophysiologic parameters. Newcombe et al. took 34 healthy adults and performed a 12-lead EKG and 24-hour Holter monitor before and after acute ingestion of an average of seven cups of coffee [12] . They found no increase in arrhythmias, heart rate, or even occasional skipped heartbeats after such a huge caffeine load. Sutherland et al. gave an acute oral caffeine load of 1 mg/kg of body weight and performed 12-lead EKG and Holter-monitoring [13] . There was again no difference in heart rate and QT intervals post-caffeine. However, in 14 of 18 patients who had frequent PVCs at baseline, caffeine increased the amount of PVCs slightly, although it varied greatly among the individuals.
In a similar vein, Ammar et al. gave 400 mg of caffeine (equivalent to five or more cups of coffee) to ten healthy volunteers and found no acute changes in the PR or QT intervals on 12-lead EKG [14] . The heart rate also did not change following coffee ingestion. Interestingly, the systolic blood pressure did increase an average of 10 points (a significant amount) for several hours, although this is admittedly a huge caffeine bolus that most patients would not normally imbibe. As with so many of these studies in the literature, it is difficult to translate their findings to something clinically relevant for our patients.
Finally, one might speculate that caffeine could promote arrhythmias during a myocardial infarction (MI), since coffee promotes a surge in epinephrine and norepinephrine levels [15•]. One provocative study evaluated this question. The authors randomized 103 patients with an acute, ST-elevation MI to receive caffeinated versus decaffeinated coffee and observed its effect on heart rate variability (HRV) 5 days post-MI. Incredibly, the caffeine improved the autonomic nervous system function and increased the parasympathetic activity as measured by HRV. Normally, the finding of depressed HRV post-MI is associated with an increased long-term mortality. Coffee ingestion did not seem to promote arrhythmias post-MI, a finding replicated in other clinical trials.
Epidemiological studies of caffeine and arrhythmias Given that caffeine stimulates the sympathetic nervous system, one might speculate that it could trigger arrhythmias or even sudden death in an electrically vulnerable period, such as immediately post-myocardial infarction. Although studies in individuals have failed to demonstrate these findings, perhaps largerscale epidemiological trials might yield the data.
Investigators looked at the 11,323 patients post-MI in the GISSI-prevention trial, an Italian study originally designed to test the efficacy of omega-3 fatty acids and vitamin E on mortality after a heart attack [16] . As with so many of these studies, the authors relied on a simple dietary questionnaire where patients reported on their retrospective coffee use. An inverse relationship was found between coffee consumption and the risk of coronary heart disease events, stroke, and sudden death. This risk was highest for those patients drinking fewer than two cups per day and lowest for those drinking over four cups per day. However, these findings did not reach statistical significance, which is important as this was a large study.
In the Women's Health Initiative observational study, the authors looked at the risk of sudden death and caffeine intake for 33,638 postmenopausal women [17•]. The data were again obtained by completing a baseline questionnaire on their coffee ingestion. As with the GISSI trial, the authors found that regular coffee and total caffeine use was not associated with an increased risk of sudden cardiac death. Regular tea intake and drinking decaffeinated coffee were also not associated with this risk.
Other epidemiological studies have provided conflicting data regarding if caffeine raises the mortality rate after a myocardial infarction. In the Stockholm Heart Epidemiology Program (SHEEP), 1,369 patients after an MI between 1993 and 1994 in Sweden were identified in this population-based cohort study [18•]. Subjects self-reported on their coffee intake in the year immediately prior to the MI. The authors found an inverse association with coffee intake and subsequent post-MI mortality. Those subjects who drank over seven cups of coffee per day had the lowest death rate, and those who drank one to three cups per day had the highest death rate.
The Onset Study yielded yet more conflicting data. This trial was conducted in 45 US community hospitals between 1989 and 1994 with 3,882 subjects who had suffered an acute MI [19] . Participants were again asked about their frequency of consumption of caffeinated tea and coffee during the year prior to the MI. The authors found that those with a higher coffee intake (over 14 cups per week) had a higher prevalence of ventricular arrhythmias, and those with a moderate tea intake (fewer than 14 cups per week) had a lower prevalence of malignant arrhythmias.
The Danish Diet, Cancer, and Health Study with 47,949 participants contradicted the previous studies [5] . They followed 555 subjects who developed atrial fibrillation (or atrial flutter) for an average of 5.7 years. They found no association between the consumption of caffeine and the risk for an atrial arrhythmia. In contrast, a Kaiser study found an inverse relationship between caffeine intake with hospitalization for arrhythmias in 3,137 persons hospitalized for arrhythmias [20•]. The authors concluded that total moderate caffeine intake will not increase the arrhythmia risk.
There are several reasons why such studies may yield differing results. One major point is that all such trials rely on participants to retrospectively report on their caffeine use in the previous year. Such memories may be flawed or unconsciously biased towards producing a desired study result. Patients may not accurately remember how many cups of coffee versus tea versus espresso they drank, or how much caffeine the cups contained. Finally, subjects can develop tachyphylaxis to caffeine when ingested in increasing doses over time. The major ingredient of these energy drinks is caffeine. Many drinks contain 70-80 mg of caffeine per 8 ounce serving, which is often three times that in a regular cola [21••, 22•]. However, there may be even more caffeine hidden in other additives like a plant called guarana, which contains both caffeine and theophylline. What is concerning about these energy drinks is that they are unregulated by the FDA, which limits the amount of caffeine in soft drinks but not in these energy drink beverages. 
Energy drinks and arrhythmias

Treatment options for arrhythmias and caffeine
To summarize, caffeine does not appear to promote arrhythmias, at least for most patients who drink a moderate amount of caffeinated beverages daily. Although it is tempting to blame the double espresso for our patient's lone atrial fibrillation, it probably plays little role in its occurrence. We encouraged her to continue her espresso habit with moderation.
Treatment of arrhythmias and alcohol ingestion
Unlike caffeine, alcohol use may play some role in the initiation and maintenance of atrial fibrillation. Abstaining from at least heavy alcohol is a reasonable recommendation to a patient with atrial fibrillation, especially if the patient feels that alcohol may have triggered the arrhythmia initially.
Ettinger et al. coined the original term "holiday heart" in 1978 to describe episodes of atrial fibrillation in patients imbibing alcohol on the weekend or over the holidays [24] . The authors described 24 patients who were heavy users of alcohol and presented with rhythm abnormalities. Most subjects presented with atrial flutter, although a few had isolated premature ventricular complexes, atrial premature complexes, or junctional tachycardias. Thus, this classic paper did not refer only to alcohol causing atrial fibrillation, although that is how most physicians perceive which arrhythmias alcohol commonly causes.
Greenspon et al. undertook an elegant study that probably could not be done in today's more stringent research world [25] . They performed electrophysiology studies on 14 patients who chronically abused alcohol. The subjects were then given orally (or via IV) 80 proof whisky shots, and the EP study was then repeated. The HV interval prolonged, the heart rate increased, and the corrected sinus node recovery time all shortened with the acute ingestion of heavy alcohol. It was unclear if these findings actually provoked the atrial arrhythmias that were seen, or had significant clinical relevance.
However, such electrophysiologic findings have lent credibility to the concept that alcohol use can promote atrial fibrillation. Researchers at UCSF looked retrospectively at 381 patients who had atrial fibrillation, atrial flutter, or served as controls and evaluated their alcohol use by self-report [26] . All subjects underwent invasive electrophysiology study. Interestingly, heavier alcohol intake was associated with the development of atrial flutter in younger patients, although not with atrial fibrillation. There was also a trend towards shorter atrial refractory periods (which could promote atrial fibrillation) in those patients who drank alcohol as compared with those who did not drink. Such findings may support a mechanistic link between atrial fibrillation and ingestion of alcohol.
Epidemiological data for alcohol-inducing atrial fibrillation There are ample data from observational studies demonstrating a relationship between increasing alcohol levels and the development of atrial fibrillation.
In the large Copenhagen City Heart Study, a population-based cohort study in Denmark, the association between self-reported alcohol use and atrial fibrillation was studied in 16,415 participants [27] . The authors found that male patients who had a high weekly alcohol intake (over 35 drinks per week) had the highest risk of atrial fibrillation. Heavy alcohol used was associated with atrial fibrillation in 5 % of the patients.
In a similar fashion, the large, population-based cohort study of the Framingham Study was begun in 1948 [28] . The authors identified 1,055 cases of atrial fibrillation and followed them for over 50 years. A weak dose-response association was found between the amount of alcohol consumed and the risk of developing atrial fibrillation. Again, those subjects who drank over three drinks per day (heavy alcohol use) had the highest risk of developing atrial fibrillation. There was little relationship between moderate alcohol ingestion and developing atrial fibrillation.
Conen et al. looked at data generated from the Women's Health Study, a randomized controlled trial of 34,715 women [29] . Again, participants answered questionnaires about their alcohol consumption, which was correlated with the risk of developing atrial fibrillation. The authors found that among these healthy middle-aged women, consuming up to two alcoholic beverages daily was not associated with an increased chance for atrial fibrillation. However, those subjects who did drink over two drinks per day faced a small but elevated risk for atrial fibrillation.
Most longitudinal studies have shown that mild to moderate alcohol use does not seem to increase the risk for developing atrial fibrillation. The Cardiovascular Health Study was a longitudinal study of nearly 6,000 patients aged 65 years or older who were followed long-term [30] . Patients self-reported on their alcohol consumption, and the diagnosis of atrial fibrillation was determined by EKG or discharge diagnoses. The authors found that current alcohol intake (high or low) was not associated with a higher risk for developing atrial fibrillation. As with all of these studies that rely on questionnaires to quantitate alcohol use, there were likely flaws based upon the accuracy of self-reporting alcohol use. Also, most studies were not able to differentiate between acute versus chronic alcohol use, and these may affect the development of atrial fibrillation [31••] .
Effects of alcohol on ion channels
Although alcohol seems to have pro-arrhythmic properties, the molecular biology of how this occurs has not been well studied. The available studies present some conflicting data.
Laszlo et al. infused white rabbits with intravenous alcohol for 120 hours and then examined ion current flux of the different cardiac cells using the patch clamp technique [32•] . Alcohol infusions reduced the sodium current (I Na ) and the calcium current (I Ca-L ) but had no effect on the outward potassium current, I to . These findings could potentially shorten the atrial refractory period and help promote atrial fibrillation, which mirrors earlier researchers' findings [33] . However, the authors cautioned against extending these results to the clinical realm since their study only looked at the effects of acute alcohol infusion, which differs greatly from chronic ingestion.
Klein et al. also found a similar effect of alcohol on the cardiac sodium channel [34] . They took HEK-293 cells (human embryonic kidney 293 cells) that were transfected with sodium channels and infused them with ethanol. They similarly found that alcohol reduced I Na . Reduction of the cardiac sodium current may lead to a decrease in the action potential duration. With chronic alcohol use and downregulation of sodium channels, this can also help promote episodes of atrial fibrillation.
Several studies have contradicted these results and have suggested ways in which alcohol may actually have anti-arrhythmic effects [35, 36] . Kostis et al. found that infusion of alcohol in dogs led to an increase in the atrial fibrillation threshold [36] . Such findings would imply that alcohol use could decrease the risk of atrial fibrillation. These contradictory findings may explain in part why low to moderate alcohol use does not seem to increase the incidence of atrial fibrillation in those patients.
